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KÖK HÜCRE TEDAVISI

MULTIPLE SKLEROZ

Multipl skleroz (MS), merkezi sinir sisteminin 
kronik, inflamatuvar ve nörodejeneratif bir has-
talığıdır.1 Çoğunlukla 20 ila 50 yaşları arasındaki 
genç erişkin nüfusu etkiler. Olguların küçük bir 
kısmında ilk demiyelinizan klinik atak 18  ya-
şından önce olabilir ve bu durum pediatrik MS 
olarak tanımlanır.2 Başlangıç MS’li hastaların %3-
10’unda 16  yaşın altında, < %1’inde de 10  yaşın 
altındadır.3 Pediatrik MS’in kendine has özellik-
leri vardır ve hastalık seyri erişkinlerden farklıdır. 
Çocukluk başlangıçlı MS hastalarının geri dö-
nüşü olmayan engellilik durumlarına ulaşmaları 
daha uzun sürer ancak bunu erişkin başlangıçlı 
MS hastalarına göre daha genç yaşta yaparlar.4

Pediatrik başlangıçlı MS’in genel insidansı, 
100.000 çocuk ve ergende 0.05 ila 2.85 arasın-
da değişmektedir ve çalışmaların çoğu insidans 
oranlarını 100.000’de <1 olarak bildirmiştir.5

Hastalığın en yaygın formu, aralarda tam veya 
kısmi düzelmenin görüldüğü ataklarla seyreden 
“relapsing remitting (RR)” formudur. Primer 
progresif ve sekonder progresif MS oldukça na-
dirdir.6 Çocuklarda en sık başvuru optik nörit, 
kranial sinir tutulumu belirtileri, beyin sapı tu-

tulumu bulguları ve ataksidir.4 İlk atak sırasında 
ADEM kliniği görülebilir ve polifokal bulgular ile 
seyredebilir.7 Pediatrik MS tanısı klinik, görüntü-
leme ve laboratuvara dayanmaktadır. 2017 yılın-
da revize edilen modifiye McDonald’s kriterleri 
kullanılmaktadır. 8

Atak tedavisinde, intravenöz metil predni-
zolon, tüm demiyelinizan hastalıklarda olduğu 
gibi birinci basamak tedavidir. Doz, tedavi süre-
si konusunda fikir birliği yoktur.9 Steroide yanıt 
vermeyen hastalarda İVİG ve plazmaferez tedavi 
seçenekleri arasındadır.10

Pediatrik MS tanısı alan tüm hastalarda akut 
atak tedavisi sonrasında uzun süreli tedavi öneril-
mektedir. Uzun süreli tedavide interferon beta-1a 
ve 1b, glatiramer asetat ve teriflunamid gibi birin-
ci basamak tedaviler ilk tercihtir.11,12,13 Tedaviye 
tam yanıt alınamayan hastalarda natalizumab, 
fingolimod, siklofosfamid, rituksimab gibi ikinci 
basamak tedaviler kullanılır.  Bu tedavilerin gü-
venliği, etkinliği ve tolere edilebilirliği ile ilgili ve-
riler kısıtlıdır.14,15 Tüm bu hastalık modifiye edici 
tedavilere rağmen MS’de nüks ve sekel oranları 
yüksektir.16,17 Son yıllarda, hastalığın ilerlemesini 
durdurmak ve kalıcı nöral hasarı tersine çevirme-
ye yönelik, çeşitli kök hücre tedavileri gündeme 
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için potansiyel bir hedef haline getirir.109

MOG antikorları ile ilişkili meydana gelen de-
miyelinizan hastalıklara, MOG antikoru ile ilişki-
li hastalık (MOGAD) adı verilir.110 Edinilmiş de-
miyelinizan atak ile gelen çocukların üçte birinin 
MOG-Ab pozitif olduğu bildirilmiştir. MOG-an-
tikorları, ADEM, transvers miyelit, izole optik 
nörit (ON) nöromiyelit optika spektrum bozuk-
lukları (NMOSD) gibi tekrarlayan demiyelinizan 
hastalıklarda bulunabilir.111

MOGAD tanısı demiyelinizan bir atak (optik 
nörit, transvers miyelit,ADEM, serebral mono 
veya polifokal defisit, beyin sapı tutulumu veya 
serebellar defisit , sıklıkla nöbetle birlikte olan se-
rebral kortikal ensefalit), anti-MOG antikor pozi-
tifliği ve diğer demiyelinizan hastalıkların dışlan-
ması ile konulur.112

MOGAD’ın akut atak tedavisi tüm demiye-
linizan hastalıklarda olduğu gibi yüksek doz İV 
metilprednizolondur.113

MOGAD’da monofazik veya tekrarlayan kli-
nik seyir görülebilmektedir. MOG antikorunun 
persiste etmesi durumunda tekrar etme ihtima-
lini arttırdığı görülmüştür.114,115 MOGAD küçük 
çocuklarda ADEM ile kliniği ile monofazik bir 
seyir izlemesi muhtemel iken, daha büyük yaşlar-
da daha çok ON ve NMOSD fenotipi görülmek-
te olup bu çocuklarda relaps olma olasılığı daha 
yüksektir. 116

MOGAD tedavisi için vaka serilerine ve uz-
man görüşüne dayanan kanıta dayalı kılavuzlar 
sınırlıdır.117

Tüm otoimmün hastalıklarda olduğu gibi he-
matopoetik kök hücre nakli agresif seyirli MO-
GAD için umut vaat etmektedir. Literatürde şu-
ana kadar MOGAD’da kök hücre tedavisi yapılan 
tek vaka bulunmaktadır. Yirmi beş yaşında erkek 
hastanın ilk atağını 10 yaşında optik nörit olarak 
geçirdiği, tekrarlayan ataklar sonrası MS tanısı 
aldığı ve hastalık modifiye edici tedavilere baş-
landığı ancak klinik yanıt olmadığı bildirilmiştir. 
MOG antikoru tespit edilmesi üzerine azotiopü-
rin ve alemtuzumab başlanan hastada klinik yanıt 
olmadığı için hastaya HKHN yapıldığı ve klinik 

yanıt alındığı bildirilmiştir.118

KAYNAKLAR
1.  Jakimovski D, Awan S, Eckert SP, Farooq O, Weinsto-

ck-Guttman B. Multiple Sclerosis in Children: Diffe-
rential Diagnosis, Prognosis, and Disease-Modifying 
Treatment. CNS Drugs. 2022;36(1):45-59. doi:10.1007/
s40263-021-00887-w

2.  Belman AL, Krupp LB, Olsen CS, et al. Characteristics 
of Children and Adolescents With Multiple Sclerosis. 
Pediatrics. 2016;138(1). doi:10.1542/peds.2016-0120

3.  Boiko A, Vorobeychik G, Paty D, Devonshire V, Sado-
vnick D. Early onset multiple sclerosis: a longitudinal 
study. Neurology. 2002;59(7):1006-1010. doi:10.1212/
wnl.59.7.1006

4.  Renoux C, Vukusic S, Mikaeloff Y, et al. Natural history 
of multiple sclerosis with childhood onset. N Engl J Med. 
2007;356(25):2603-2613. doi:10.1056/NEJMoa067597

5.  Jeong A, Oleske DM, Holman J. Epidemiology of Pe-
diatric-Onset Multiple Sclerosis: A Systematic Review 
of the Literature. J Child Neurol. 2019;34(12):705-712. 
doi:10.1177/0883073819845827

6.  Alroughani R, Boyko A. Pediatric multiple sclerosis: 
a review. BMC Neurol. 2018;18(1):27. doi:10.1186/
s12883-018-1026-3

7.  Banwell BL. Pediatric multiple sclerosis. Curr Neurol 
Neurosci Rep. 2004;4(3):245-252. doi:10.1007/s11910-
004-0045-1

8.  Thompson AJ, Banwell BL, Barkhof F, et al. Diagnosis of 
multiple sclerosis: 2017 revisions of the McDonald cri-
teria. Lancet Neurol. 2018;17(2):162-173. doi:10.1016/
S1474-4422(17)30470-2

9.  Waldman AT, Gorman MP, Rensel MR, Austin TE, 
Hertz DP, Kuntz NL. Management of pediatric cent-
ral nervous system demyelinating disorders: con-
sensus of United States neurologists. J Child Neurol. 
2011;26(6):675-682. doi:10.1177/0883073810395141

10.  Weinshenker BG, O’Brien PC, Petterson TM, et 
al. A randomized trial of plasma exchange in acu-
te central nervous system inflammatory demyelina-
ting disease. Ann Neurol. 1999;46(6):878-886. do-
i:10.1002/1531-8249(199912)46:6<878::aid-ana10>3.0.
co;2-q

11.  Banwell B, Reder AT, Krupp L, et al. Safety and tole-
rability of interferon beta-1b in pediatric multiple sc-
lerosis. Neurology. 2006;66(4):472-476. doi:10.1212/01.
wnl.0000198257.52512.1a

12.  Tenembaum SN, Banwell B, Pohl D, et al. Subcutaneo-
us interferon Beta-1a in pediatric multiple sclerosis: a 
retrospective study. J Child Neurol. 2013;28(7):849-856. 
doi:10.1177/0883073813488828

13.  Narula S, Hopkins SE, Banwell B. Treatment of pedi-
atric multiple sclerosis. Curr Treat Options Neurol. 
2015;17(3):336. doi:10.1007/s11940-014-0336-z

14.  Simone M, Chitnis T. Use of Disease-Modifying The-
rapies in Pediatric MS. Curr Treat Options Neurol. 
2016;18(8):36. doi:10.1007/s11940-016-0420-7



ÇOCUK NÖROLOJISI PRATIĞINDE KÖK HÜCRE MULTIDISIPLINER YAKLAŞIM156

15.  Yeh EA, Weinstock-Guttman B. Natalizumab in pediat-
ric multiple sclerosis patients. Ther Adv Neurol Disord. 
2010;3(5):293-299. doi:10.1177/1756285610381526

16.  Gorman MP, Healy BC, Polgar-Turcsanyi M, Chitnis 
T. Increased relapse rate in pediatric-onset compa-
red with adult-onset multiple sclerosis. Arch Neurol. 
2009;66(1):54-59. doi:10.1001/archneurol.2008.505

17.  Held U, Heigenhauser L, Shang C, Kappos L, Pol-
man C. Predictors of relapse rate in MS clinical trials. 
Neurology. 2005;65(11):1769-1773. doi:10.1212/01.
wnl.0000187122.71735.1f

18.  Passweg JR, Baldomero H, Bader P, et al. Is the use of 
unrelated donor transplantation leveling off in Euro-
pe? The 2016 European Society for Blood and Mar-
row Transplant activity survey report. Bone Marrow 
Transplant. 2018;53(9):1139-1148. doi:10.1038/s41409-
018-0153-1

19.  Snowden JA, Sharrack B, Akil M, et al. Autologous ha-
ematopoietic stem cell transplantation (aHSCT) for se-
vere resistant autoimmune and inflammatory diseases - 
a guide for the generalist. Clin Med. 2018;18(4):329-334. 
doi:10.7861/clinmedicine.18-4-329

20.  Fassas A, Anagnostopoulos A, Kazis A, et al. Perip-
heral blood stem cell transplantation in the treatment 
of progressive multiple sclerosis: first results of a pilot 
study. Bone Marrow Transplant. 1997;20(8):631-638. 
doi:10.1038/sj.bmt.1700944

21.  Alexander T, Farge D, Badoglio M, Lindsay JO, Muraro 
PA, Snowden JA. Hematopoietic stem cell therapy for 
autoimmune diseases - Clinical experience and mec-
hanisms. J Autoimmun. 2018;92:35-46. doi:10.1016/j.
jaut.2018.06.002

22.  Snowden JA. Rebooting autoimmunity with autolo-
gous HSCT. Blood. 2016;127(1):8-10. doi:10.1182/blo-
od-2015-11-678607

23.  Rebeiro P, Moore J. The role of autologous haemopo-
ietic stem cell transplantation in the treatment of au-
toimmune disorders. Intern Med J. 2016;46(1):17-28. 
doi:10.1111/imj.12944

24.  Kelsey PJ, Oliveira M-C, Badoglio M, Sharrack B, Farge 
D, Snowden JA. Haematopoietic stem cell transplanta-
tion in autoimmune diseases: From basic science to cli-
nical practice. Curr Res Transl Med. 2016;64(2):71-82. 
doi:10.1016/j.retram.2016.03.003

25.  Samijn JPA, te Boekhorst PAW, Mondria T, et al. Intense 
T cell depletion followed by autologous bone marrow 
transplantation for severe multiple sclerosis. J Neurol 
Neurosurg Psychiatry. 2006;77(1):46-50. doi:10.1136/
jnnp.2005.063883

26.  Burt RK, Loh Y, Cohen B, et al. Autologous non-mye-
loablative haemopoietic stem cell transplantation in re-
lapsing-remitting multiple sclerosis: a phase I/II study. 
Lancet Neurol. 2009;8(3):244-253. doi:10.1016/S1474-
4422(09)70017-1

27.  Gyurkocza B, Sandmaier BM. Conditioning regimens 
for hematopoietic cell transplantation: one size does 
not fit all. Blood. 2014;124(3):344-353. doi:10.1182/blo-
od-2014-02-514778

28.  Hastanesi FN. HematoLog 2011: 1 • 1. Published online 
2011:43-56.

29.  Carreras E, Dufour C, Mohty M, Kröger N, eds. No Tit-
le.; 2019. doi:10.1007/978-3-030-02278-5

30.  Schattenberg AVMB, Levenga TH. Differences between 
the different conditioning regimens for allogeneic stem 
cell transplantation. Curr Opin Oncol. 2006;18(6):667-
670. doi:10.1097/01.cco.0000245318.90015.72

31.  Burt RK, Cohen BA, Russell E, et al. Hematopoietic 
stem cell transplantation for progressive multiple scle-
rosis: failure of a total body irradiation-based conditio-
ning regimen to prevent disease progression in patients 
with high disability scores. Blood. 2003;102(7):2373-
2378. doi:10.1182/blood-2003-03-0877

32.  Openshaw H, Lund BT, Kashyap A, et al. Peripheral 
blood stem cell transplantation in multiple sclerosis 
with busulfan and cyclophosphamide conditioning: 
report of toxicity and immunological monitoring. 
Biol blood marrow Transplant J Am Soc Blood Marrow 
Transplant. 2000;6(5A):563-575. doi:10.1016/s1083-
8791(00)70066-8

33.  Burt RK, Traynor AE, Pope R, et al. Treatment of au-
toimmune disease by intense immunosuppressive 
conditioning and autologous hematopoietic stem cell 
transplantation. Blood. 1998;92(10):3505-3514.

34.  Saccardi R, Kozak T, Bocelli-Tyndall C, et al. Autolo-
gous stem cell transplantation for progressive multiple 
sclerosis: update of the European Group for Blood and 
Marrow Transplantation autoimmune diseases wor-
king party database. Mult Scler. 2006;12(6):814-823. 
doi:10.1177/1352458506071301

35.  Curro’ D, Vuolo L, Gualandi F, et al. Low inten-
sity lympho-ablative regimen followed by autolo-
gous hematopoietic stem cell transplantation in 
severe forms of multiple sclerosis: A MRI-based cli-
nical study. Mult Scler J. 2015;21(11):1423-1430. 
doi:10.1177/1352458514564484

36.  Atkins HL, Bowman M, Allan D, et al. Immunoablati-
on and autologous haemopoietic stem-cell transplan-
tation for aggressive multiple sclerosis: a multicentre 
single-group phase 2 trial. Lancet (London, England). 
2016;388(10044):576-585. doi:10.1016/S0140-
6736(16)30169-6

37.  Alexander T, Bondanza A, Muraro PA, et al. SCT for 
severe autoimmune diseases: consensus guidelines of 
the European Society for Blood and Marrow Transplan-
tation for immune monitoring and biobanking. Bone 
Marrow Transplant. 2015;50(2):173-180. doi:10.1038/
bmt.2014.251

38.  Baraut J, Grigore EI, Jean-Louis F, et al. Peripheral 
blood regulatory T cells in patients with diffuse syste-
mic sclerosis (SSc) before and after autologous hema-
topoietic SCT: a pilot study. Bone Marrow Transplant. 
2014;49(3):349-354. doi:10.1038/bmt.2013.202

39.  Muraro PA, Nash RA, Turka LA, et al. for multiple 
sclerosis Brief report T cell repertoire following auto-
logous stem cell transplantation for multiple sclerosis. 
2014;124(3):1168-1172. doi:10.1172/JCI71691DS1

40.  de Kleer I, Vastert B, Klein M, et al. Autologous stem 
cell transplantation for autoimmunity induces immu-
nologic self-tolerance by reprogramming autoreactive T 
cells and restoring the CD4+CD25+ immune regulatory 



Nöroimmünolojik Hastalıklarda  Kök Hücre Tedavisi 157

network. Blood. 2006;107(4):1696-1702. doi:10.1182/
blood-2005-07-2800

41.  Delemarre EM, van den Broek T, Mijnheer G, et al. 
Autologous stem cell transplantation aids autoimmune 
patients by functional renewal and TCR diversifica-
tion of regulatory T cells. Blood. 2016;127(1):91-101. 
doi:10.1182/blood-2015-06-649145

42.  Muraro PA, Douek DC, Packer A, et al. Thymic output 
generates a new and diverse TCR repertoire after auto-
logous stem cell transplantation in multiple sclerosis 
patients. J Exp Med. 2005;201(5):805-816. doi:10.1084/
jem.20041679

43.  Arruda LCM, de Azevedo JTC, de Oliveira GL V, et al. 
Immunological correlates of favorable long-term clini-
cal outcome in multiple sclerosis patients after autolo-
gous hematopoietic stem cell transplantation. Clin Im-
munol. 2016;169:47-57. doi:10.1016/j.clim.2016.06.005

44.  Fassas A, Kazis A. High-dose immunosuppression 
and autologous hematopoietic stem cell rescue for se-
vere multiple sclerosis. J Hematother Stem Cell Res. 
2003;12(6):701-711. doi:10.1089/15258160360732722

45.  Sun W, Popat U, Hutton G, et al. Characteristics of T-cell 
receptor repertoire and myelin-reactive T cells recons-
tituted from autologous haematopoietic stem-cell grafts 
in multiple sclerosis. Brain. 2004;127(Pt 5):996-1008. 
doi:10.1093/brain/awh117

46.  Darlington PJ, Touil T, Doucet J-S, et al. Diminished 
Th17 (not Th1) responses underlie multiple sclero-
sis disease abrogation after hematopoietic stem cell 
transplantation. Ann Neurol. 2013;73(3):341-354. 
doi:10.1002/ana.23784

47.  Gladstone DE, Peyster R, Baron E, et al. High-dose 
cyclophosphamide for moderate to severe refractory 
multiple sclerosis: 2-year follow-up (investigational 
new drug No. 65863). Am J Ther. 2011;18(1):23-30. 
doi:10.1097/MJT.0b013e3181b3ad95

48.  Krishnan C, Kaplin AI, Brodsky RA, et al. Reduction 
of disease activity and disability with high-dose cyclop-
hosphamide in patients with aggressive multiple scle-
rosis. Arch Neurol. 2008;65(8):1044-1051. doi:10.1001/
archneurol.65.8.noc80042

49.  Harrison DM, Gladstone DE, Hammond E, et al. 
Treatment of relapsing-remitting multiple sclero-
sis with high-dose cyclophosphamide induction fol-
lowed by glatiramer acetate maintenance. Mult Scler. 
2012;18(2):202-209. doi:10.1177/1352458511419701

50.  Cuascut FX, Hutton GJ. Stem Cell-Based Therapies for 
Multiple Sclerosis: Current Perspectives. Biomedicines. 
2019;7(2). doi:10.3390/biomedicines7020026

51.  Tandon A, Singh SJ, Chaturvedi RK. Stem Cells as Poten-
tial Targets of Polyphenols in Multiple Sclerosis and Al-
zheimer’s Disease. Biomed Res Int. 2018;2018:1483791. 
doi:10.1155/2018/1483791

52.  Caplan AI. Mesenchymal stem cells. J Orthop Res Off 
Publ Orthop Res Soc. 1991;9(5):641-650. doi:10.1002/
jor.1100090504

53.  Li D, Chai J, Shen C, Han Y, Sun T. Human umbilical 
cord-derived mesenchymal stem cells differentiate into 
epidermal-like cells using a novel co-culture technique. 

Cytotechnology. 2014;66(4):699-708. doi:10.1007/
s10616-013-9569-z

54.  Dominici M, Le Blanc K, Mueller I, et al. Minimal cri-
teria for defining multipotent mesenchymal stromal 
cells. The International Society for Cellular Therapy 
position statement. Cytotherapy. 2006;8(4):315-317. 
doi:10.1080/14653240600855905

55.  Freedman MS, Bar-Or A, Atkins HL, et al. The therapeu-
tic potential of mesenchymal stem cell transplantation 
as a treatment for multiple sclerosis: consensus report 
of the International MSCT Study Group. Mult Scler. 
2010;16(4):503-510. doi:10.1177/1352458509359727

56.  English K, Ryan JM, Tobin L, Murphy MJ, Barry FP, 
Mahon BP. Cell contact, prostaglandin E(2) and trans-
forming growth factor beta 1 play non-redundant roles 
in human mesenchymal stem cell induction of CD4+C-
D25(High) forkhead box P3+ regulatory T cells. Clin 
Exp Immunol. 2009;156(1):149-160. doi:10.1111/j.1365-
2249.2009.03874.x

57.  Tipnis S, Viswanathan C, Majumdar AS. Immunosupp-
ressive properties of human umbilical cord-derived me-
senchymal stem cells: role of B7-H1 and IDO. Immunol 
Cell Biol. 2010;88(8):795-806. doi:10.1038/icb.2010.47

58.  Sun L, Wang D, Liang J, et al. Umbilical cord mesen-
chymal stem cell transplantation in severe and refrac-
tory systemic lupus erythematosus. Arthritis Rheum. 
2010;62(8):2467-2475. doi:10.1002/art.27548

59.  Kearns-Jonker M, Dai W, Kloner RA. Stem cells for 
the treatment of heart failure. Curr Opin Mol Ther. 
2010;12(4):432-441.

60.  Caplan AI, Correa D. The MSC: an injury drugs-
tore. Cell Stem Cell. 2011;9(1):11-15. doi:10.1016/j.
stem.2011.06.008

61.  Planchon SM, Lingas KT, Reese Koç J, et al. Feasibi-
lity of mesenchymal stem cell culture expansion for 
a phase I clinical trial in multiple sclerosis. Mult Sc-
ler J - Exp Transl Clin. 2018;4(1):2055217318765288. 
doi:10.1177/2055217318765288

62.  Xiao J, Yang R, Biswas S, Qin X, Zhang M, Deng W. 
Mesenchymal stem cells and induced pluripotent stem 
cells as therapies for multiple sclerosis. Int J Mol Sci. 
2015;16(5):9283-9302. doi:10.3390/ijms16059283

63.  Maltman DJ, Hardy SA, Przyborski SA. Role of me-
senchymal stem cells in neurogenesis and nervous 
system repair. Neurochem Int. 2011;59(3):347-356. do-
i:10.1016/j.neuint.2011.06.008

64.  Coles AJ, Compston DAS, Selmaj KW, et al. Alemtuzu-
mab vs. interferon beta-1a in early multiple sclerosis. N 
Engl J Med. 2008;359(17):1786-1801. doi:10.1056/NEJ-
Moa0802670

65.  Zappia E, Casazza S, Pedemonte E, et al. Mesen-
chymal stem cells ameliorate experimental auto-
immune encephalomyelitis inducing T-cell aner-
gy. Blood. 2005;106(5):1755-1761. doi:10.1182/
blood-2005-04-1496

66.  Rivera FJ, Couillard-Despres S, Pedre X, et al. Mesench-
ymal stem cells instruct oligodendrogenic fate decision 
on adult neural stem cells. Stem Cells. 2006;24(10):2209-
2219. doi:10.1634/stemcells.2005-0614

67.  Ming G-L, Song H. Adult neurogenesis in the mam-
malian brain: significant answers and significant qu-



ÇOCUK NÖROLOJISI PRATIĞINDE KÖK HÜCRE MULTIDISIPLINER YAKLAŞIM158

estions. Neuron. 2011;70(4):687-702. doi:10.1016/j.
neuron.2011.05.001

68.  Blakemore WF, Keirstead HS. The origin of remyelina-
ting cells in the central nervous system. J Neuroimmunol. 
1999;98(1):69-76. doi:10.1016/s0165-5728(99)00083-1

69.  Picard-Riera N, Decker L, Delarasse C, et al. Expe-
rimental autoimmune encephalomyelitis mobilizes 
neural progenitors from the subventricular zone to 
undergo oligodendrogenesis in adult mice. Proc Natl 
Acad Sci U S A. 2002;99(20):13211-13216. doi:10.1073/
pnas.192314199

70.  Armstrong RC, Le TQ, Flint NC, Vana AC, Zhou 
Y-X. Endogenous cell repair of chronic demyelina-
tion. J Neuropathol Exp Neurol. 2006;65(3):245-256. 
doi:10.1097/01.jnen.0000205142.08716.7e

71.  Ben-Hur T, Einstein O, Mizrachi-Kol R, et al. Transplan-
ted multipotential neural precursor cells migrate into 
the inflamed white matter in response to experimental 
autoimmune encephalomyelitis. Glia. 2003;41(1):73-80. 
doi:10.1002/glia.10159

72.  Hao J, Kelly DI, Su J, Pascual JM. Clinical Aspects of 
Glucose Transporter Type 1 Deficiency: Information 
From a Global Registry. JAMA Neurol. 2017;74(6):727-
732. doi:10.1001/jamaneurol.2017.0298

73.  Izrael M, Zhang P, Kaufman R, et al. Human oligodend-
rocytes derived from embryonic stem cells: Effect of 
noggin on phenotypic differentiation in vitro and on 
myelination in vivo. Mol Cell Neurosci. 2007;34(3):310-
323. doi:10.1016/j.mcn.2006.11.008

74.  Shroff G. A review on stem cell therapy for multiple sc-
lerosis: special focus on human embryonic stem cells. 
Stem Cells Cloning. 2018;11:1-11. doi:10.2147/SCCAA.
S135415

75.  Aharonowiz M, Einstein O, Fainstein N, Lassmann 
H, Reubinoff B, Ben-Hur T. Neuroprotective effect of 
transplanted human embryonic stem cell-derived neu-
ral precursors in an animal model of multiple sclero-
sis. PLoS One. 2008;3(9):e3145. doi:10.1371/journal.
pone.0003145

76.  Czepiel M, Balasubramaniyan V, Schaafsma W, et al. 
Differentiation of induced pluripotent stem cells into 
functional oligodendrocytes. Glia. 2011;59(6):882-892. 
doi:10.1002/glia.21159

77.  López-González R, Velasco I. Therapeutic potential 
of motor neurons differentiated from embryonic stem 
cells and induced pluripotent stem cells. Arch Med Res. 
2012;43(1):1-10. doi:10.1016/j.arcmed.2012.01.007

78.  Zhao T, Zhang Z-N, Rong Z, Xu Y. Immunoge-
nicity of induced pluripotent stem cells. Nature. 
2011;474(7350):212-215. doi:10.1038/nature10135

79.  Huda S, Whittam D, Bhojak M, Chamberlain J, Noonan 
C, Jacob A. Neuromyelitis optica spectrum disorders. 
Clin Med. 2019;19(2):169-176. doi:10.7861/clinmedici-
ne.19-2-169

80.  Lennon VA, Wingerchuk DM, Kryzer TJ, et al. A serum 
autoantibody marker of neuromyelitis optica: distin-
ction from multiple sclerosis. Lancet (London, Eng-
land). 2004;364(9451):2106-2112. doi:10.1016/S0140-
6736(04)17551-X

81.  Lennon VA, Kryzer TJ, Pittock SJ, Verkman AS, Hin-
son SR. IgG marker of optic-spinal multiple sclerosis 

binds to the aquaporin-4 water channel. J Exp Med. 
2005;202(4):473-477. doi:10.1084/jem.20050304

82.  Wingerchuk DM, Lennon VA, Pittock SJ, Lucchinetti 
CF, Weinshenker BG. Revised diagnostic criteria for 
neuromyelitis optica. Neurology. 2006;66(10):1485-
1489. doi:10.1212/01.wnl.0000216139.44259.74

83.  Kleiter I, Gahlen A, Borisow N, et al. Neuromyelitis 
optica: Evaluation of 871 attacks and 1,153 treatment 
courses. Ann Neurol. 2016;79(2):206-216. doi:10.1002/
ana.24554

84.  Sellner J, Boggild M, Clanet M, et al. EFNS guidelines 
on diagnosis and management of neuromyelitis optica. 
Eur J Neurol. 2010;17(8):1019-1032. doi:10.1111/j.1468-
1331.2010.03066.x

85.  Sherman E, Han MH. Acute and Chronic Management 
of Neuromyelitis Optica Spectrum Disorder. Curr Treat 
Options Neurol. 2015;17(11):48. doi:10.1007/s11940-
015-0378-x

86.  Kim S-H, Huh S-Y, Lee SJ, Joung A, Kim HJ. A 5-Year 
Follow-up of Rituximab Treatment in Patients With 
Neuromyelitis Optica Spectrum Disorder. JAMA 
Neurol. 2013;70(9):1110-1117. doi:10.1001/jama-
neurol.2013.3071

87.  Huh S-Y, Kim S-H, Hyun J-W, et al. Mycophenolate 
Mofetil in the Treatment of Neuromyelitis Optica Spe-
ctrum Disorder. JAMA Neurol. 2014;71(11):1372-1378. 
doi:10.1001/jamaneurol.2014.2057

88.  Ceglie G, Papetti L, Figà Talamanca L, et al. T-cell deple-
ted HLA-haploidentical HSCT in a child with neurom-
yelitis optica. Ann Clin Transl Neurol. 2019;6(10):2110-
2113. doi:10.1002/acn3.50843

89.  Greco R, Bondanza A, Oliveira MC, et al. Autologous 
hematopoietic stem cell transplantation in neuromye-
litis optica: a registry study of the EBMT Autoimmune 
Diseases Working Party. Mult Scler. 2015;21(2):189-
197. doi:10.1177/1352458514541978

90.  Nabizadeh F, Masrouri S, Sharifkazemi H, Azami M, 
Nikfarjam M, Moghadasi AN. Autologous hematopo-
ietic stem cell transplantation in neuromyelitis optica 
spectrum disorder: A systematic review and meta-a-
nalysis. J Clin Neurosci Off J Neurosurg Soc Australas. 
2022;105:37-44. doi:10.1016/j.jocn.2022.08.020

91.  Ouvrier R. Peripheral neuropathies in the young 
child. Rev Neurol (Paris). 2004;160(12):1216-1220. 
doi:10.1016/s0035-3787(04)71171-6

92.  Iijima M, Koike H, Hattori N, et al. Prevalence and 
incidence rates of chronic inflammatory demyelina-
ting polyneuropathy in the Japanese population. J 
Neurol Neurosurg Psychiatry. 2008;79(9):1040-1043. 
doi:10.1136/jnnp.2007.128132

93.  McMillan HJ, Kang PB, Jones HR, Darras BT. Chil-
dhood chronic inflammatory demyelinating polyradi-
culoneuropathy: combined analysis of a large cohort 
and eleven published series. Neuromuscul Disord. 
2013;23(2):103-111. doi:10.1016/j.nmd.2012.09.008

94.  European Federation of Neurological Societies/Perip-
heral Nerve Society Guideline on management of pa-
raproteinemic demyelinating neuropathies. Report of a 
Joint Task Force of the European Federation of Neuro-
logical Societies and the Peripheral Nerve Society--first 



Nöroimmünolojik Hastalıklarda  Kök Hücre Tedavisi 159

revision. J Peripher Nerv Syst. 2010;15(3):185-195. do-
i:10.1111/j.1529-8027.2010.00278.x

95.  Research criteria for diagnosis of chronic inflammatory 
demyelinating polyneuropathy (CIDP). Report from an 
Ad Hoc Subcommittee of the American Academy of 
Neurology AIDS Task Force. Neurology. 1991;41(5):617-
618.

96.  Eftimov F, Vermeulen M, van Doorn PA, Brusse E, van 
Schaik IN. Long-term remission of CIDP after pulsed 
dexamethasone or short-term prednisolone treatment. 
Neurology. 2012;78(14):1079-1084. doi:10.1212/WNL.
0b013e31824e8f84

97.  Gorson KC, van Schaik IN, Merkies ISJ, et al. Ch-
ronic inflammatory demyelinating polyneuropathy 
disease activity status: recommendations for clini-
cal research standards and use in clinical practice. J 
Peripher Nerv Syst. 2010;15(4):326-333. doi:10.1111/
j.1529-8027.2010.00284.x

98.  Muley SA, Parry GJ. Inflammatory demyelinating neuro-
pathies. Curr Treat Options Neurol. 2009;11(3):221-227. 
doi:10.1007/s11940-009-0026-4

99.  Patwa HS, Chaudhry V, Katzberg H, Rae-Grant AD, So 
YT. Evidence-based guideline: intravenous immunog-
lobulin in the treatment of neuromuscular disorders: 
report of the Therapeutics and Technology Assessment 
Subcommittee of the American Academy of Neurology. 
Neurology. 2012;78(13):1009-1015. doi:10.1212/WNL.
0b013e31824de293

100. Oaklander AL, Lunn MP, Hughes RA, van Schaik IN, 
Frost C, Chalk CH. Treatments for chronic inflamma-
tory demyelinating polyradiculoneuropathy (CIDP): 
an overview of systematic reviews. Cochrane database 
Syst Rev. 2017;1(1):CD010369. doi:10.1002/14651858.
CD010369.pub2

101. Qin Z, Huang Q, Zou J, Tang L, Hu Z, Tang X. Prog-
ress in Hematopoietic Stem Cell Transplantation for 
CIDP. Int J Med Sci. 2020;17(2):234-241. doi:10.7150/
ijms.38363

102. Pitarokoili K, Yoon M-S, Kröger I, Reinacher-Schick 
A, Gold R, Schneider-Gold C. Severe refractory CIDP: 
a case series of 10 patients treated with bortezomib. J 
Neurol. 2017;264(9):2010-2020. doi:10.1007/s00415-
017-8599-4

103. Benseler SM, Silverman E, Aviv RI, et al. Primary 
central nervous system vasculitis in children. Arthritis 
Rheum. 2006;54(4):1291-1297. doi:10.1002/art.21766

104.  Hutchinson C, Elbers J, Halliday W, et al. 
Treatment of small vessel primary CNS vasculi-
tis in children: an open-label cohort study. Lancet 
Neurol. 2010;9(11):1078-1084. doi:10.1016/S1474-
4422(10)70243-X

105. Calabrese LH, Mallek JA. Primary angiitis of the central 
nervous system. Report of 8 new cases, review of the 
literature, and proposal for diagnostic criteria. Medicine 
(Baltimore). 1988;67(1):20-39. doi:10.1097/00005792-
198801000-00002

106. Aviv RI, Benseler SM, Silverman ED, et al. MR imaging 
and angiography of primary CNS vasculitis of childho-
od. AJNR Am J Neuroradiol. 2006;27(1):192-199.

107. Molina B, Vicent MG, Albi G, et al. Varicella zoster 
central nervous system vasculitis after allogeneic he-
matopoietic stem cell transplant successfully treated 
with cyclophosphamide. Published online 2012:1-4. do-
i:10.1111/j.1399-3062.2012.00783.x

108. Johns TG, Bernard CC. The structure and fun-
ction of myelin oligodendrocyte glycoprotein. J 
Neurochem. 1999;72(1):1-9. doi:10.1046/j.1471-
4159.1999.0720001.x

109. Reindl M, Waters P. Myelin oligodendrocyte glycopro-
tein antibodies in neurological disease. Nat Rev Neurol. 
2019;15(2):89-102. doi:10.1038/s41582-018-0112-x

110. Baumann M, Sahin K, Lechner C, et al. Clinical and 
neuroradiological differences of paediatric acute dis-
seminating encephalomyelitis with and without an-
tibodies to the myelin oligodendrocyte glycoprotein. 
J Neurol Neurosurg Psychiatry. 2015;86(3):265-272. 
doi:10.1136/jnnp-2014-308346

111. Hennes E-M, Baumann M, Lechner C, Rostásy K. MOG 
Spectrum Disorders and Role of MOG-Antibodies in 
Clinical Practice. Neuropediatrics. 2018;49(1):3-11. do-
i:10.1055/s-0037-1604404

112. Banwell B, Bennett JL, Marignier R, et al. Diagnosis of 
myelin oligodendrocyte glycoprotein antibody-associa-
ted disease: International MOGAD Panel proposed cri-
teria. Lancet Neurol. 2023;22(3):268-282. doi:10.1016/
S1474-4422(22)00431-8

113. Stiebel-Kalish H, Hellmann MA, Mimouni M, et al. 
Does time equal vision in the acute treatment of a co-
hort of AQP4 and MOG optic neuritis? Neurol Neuroim-
munol neuroinflammation. 2019;6(4):e572. doi:10.1212/
NXI.0000000000000572

114. Hacohen Y, Wong YY, Lechner C, et al. Disease Course 
and Treatment Responses in Children With Relapsing 
Myelin Oligodendrocyte Glycoprotein Antibody-As-
sociated Disease. JAMA Neurol. 2018;75(4):478-487. 
doi:10.1001/jamaneurol.2017.4601

115. Fadda G, Armangue T, Hacohen Y, Chitnis T, 
Banwell B. Paediatric multiple sclerosis and anti-
body-associated demyelination: clinical, imaging, 
and biological considerations for diagnosis and care. 
Lancet Neurol. 2021;20(2):136-149. doi:10.1016/S1474-
4422(20)30432-4

116. Hennes E-M, Baumann M, Schanda K, et al. Prognostic 
relevance of MOG antibodies in children with an acqui-
red demyelinating syndrome. Neurology. 2017;89(9):900-
908. doi:10.1212/WNL.0000000000004312

117. Ambrosius W, Michalak S, Kozubski W, Kalinowska A. 
Myelin Oligodendrocyte Glycoprotein Antibody-Asso-
ciated Disease: Current Insights into the Disease Pat-
hophysiology, Diagnosis and Management. Int J Mol 
Sci. 2020;22(1). doi:10.3390/ijms22010100

118. Rush, C., & Atkins H. Aggressive and Refractory MOG 
IgG Associated Encephalomyelitis Treated with Auto-
logous Hematopoeitic Stem Cell Transplantation: First 
Case Worldwide. MULTIPLE SCLEROSIS JOURNAL 
Vol. 25, p(2019).


